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therein. Due bo thelr high chemlcal activity, these !

centers enter couwparatively easlly Into chemlcal inter-
getion with saturated molecules. 4nd slince frﬂe valency
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3d thﬁ gneed of a simple reschtion. Let us illusge
b&ea 251d by the folliowing example.
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Wi d Er are activation heats of processes (1)
a peetively, and D a= igtion test of
helns wentity E = El-HEo-3D ¢ he followiaz
values: -~ 7 Keal (I}, + 7 Keal and +21 Zoal {(G1),
fr walch it ls poesibtle to o that, Whli&ﬁ iaﬁina,
the chaln reactlion in the case omive 0o
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Prevglence of chaly rezcltion over

lg sswvecla Likely in the case of rami ;
whoge conl into exlgtence 1ls, soparently always ot-
ed withn th esence, in the reactlion zone, of molecules
with divie bondings (e.z., oxygen molecules or
Bolesules 1 incoumpletely non-bonded compound, bew
gause the ence of disaociable boudings dervas as

& DITETE for the porsibility of elementary pro-
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transition of the moleculs from singl
.n o £

inglet {singletnoye]
wost of & triple spectral 1inw . pleradicea
oxistence as & result of the tion,
o biersdical cheracter of mole setivated
a for the First tlme postula oiTe
w’a Tals Gﬁ;&@)ﬁ 1uL r recelved perimental
confirnetion in ths wc'X;ﬁf Terenin hiunzelif
and his schoolz) as well a“ 1ﬁ the worke of othsr reé-
gearchers. : L
In rast O phbtcahDMical reactions, the me-
ahomism of vadical formation in thernal rcacti me allove
at the ' time only the construelns of more or less
1tinns, At any temperature a certain
ndiesle is alwave wpreseut in ges or
lt of ﬁiuuacia+iﬁiel eoullibrium, How-
tures below 1000%K, their concentration
gl

.
T

their Tormation in the process of
1o betwean molecules

RRY + K = R4R'#i - : (&)

- rodicals; RR' and i -- molecules) are far
e gutficlent enough to lend & chaln regoetblon
1e velocity. This, 1n pmrticular, follows
ehalytic action of varisus impurities and so-
~¢ on the speed of chain reactlons, asf eatabe
OUSN numersus experiments. These experizents
o suppose tha* in the process of radlicals
tne simple exchange of energfy plays & Sube
secsndary] role as compered with ch eni e

e formatisn of redicals b7 way
disannietion of molecules accards

o

in ‘mat the proceseg at low teMDmﬁam
T 14 only in case of f suach COMparss~
%1 *ouvd se orong Ar gome of 'ae

the well mown catalytlc ac-

‘
e
&

PR
[
Py
v

peroxides, jok

tilon of &cfoxlcea iS u udfly eonnected with uﬂﬁ facility

of their dlssocletlon upon radicales of the RO tynzi

the disesciatiom here beinz counditioned by the low dura-

wility of cont - O, Howevelr, 1¢tt1c igvet

nown about T issoclation of peroxides, The fact

thet hydrogen peroxide decomposes exclusive 1y on hard
surfaces even al a temperature of 373“ 3 npakes the as-

sumptlon, abm'¢ ihu heterogensug~cat al"th decomposition
i ﬁLhCT perovidés as well, not lmpfobwvlcﬁ Further,
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@CJﬁnuLf sting the effect of sgolveni upon the
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proceas (7) mast cons lderably excesd tab ratent any xivaﬂ
process cormected with sluple dissocliation of the molew
cule, 1 e“, with a disruption of bonde ugually requiring
an enersy expenditure of 60, TC ki33uraum3&131¢cs, and
MOTE,

of
Tl

Py o B & 8 e o e . B e N, e o [ T,
toe dnltiating vole of oxyeen becozes obvious when
v E ey 4l oy > g E o e t e & &
comparison le made between temperature r*uﬂﬁp;ams it the
R 3 s - 1, > h{ - . N
mouwﬂﬂ of pyyalwa processes and the slow oxidstion of
Y &%

13
SED umé Anﬂ‘inéeﬁd, wq‘ﬁc 5

tvrrﬂ;of SC'O and hi ghmﬁ, the oxiﬁ&fing rezetions o
ag & rule == De readily realized even at 3000, Fur
otte can polint to the catalytiec action of oxvgen 1y
procesges of oxygen cracking, in which additionz aof oxy-

gen consgiderevly hasten the process,

Proof o7 the appearance of free
durdng interection with oxygen lles in
study of thermal disintegration of the compounds
CH40HO and CD3CD0Y, Carrylug oubt the process under ex-
trénely pure conditions, without the least trace of ade
mixture {L”ﬂC&idllj oxyzmen), we Tind that its rate is
not great (L = 50009C¢) and the final product 1s the mix-
ture CO+CHL+0DL mixed ﬁeutnrum@thancg are abseut, But

when the resctlon is conducted in the presence of trases
of oxysen, its rate increases sharply; and in the re-
actlon products we oblalin a balanced mixture of all
devteronethsan as These experimenits demonstrate that &
temperature o ”OVQ iz insufficlent to produce.a disa
integration 01 seeteldehyde into radlicals, aud thal .
therelore the reactlon CTH3CHO = CHA+CO proceeds along
the lines of the mechanlanm of simple reactlions, ond very
glowly at that, Exchange of deuterium does not ocoun,
But in the presence of oxyzen (or of other sctive gl
mixtures) free radieals ocanbeformed at the sams Loy -

erature; the process f7}10W% the chaln pattern, 1.6.,
dwﬁﬂﬁnﬁ ranly faster, and since Tree radicals can very
readily exeh&;ge atoms H amd D with surrounding molecules
wew Milxed de

uteromethanes are formed as a r@sult of the
pPracess, ‘

: Experiments just described are in f?ﬁr agreement
with findingzs of th@fﬂ and Palyab :/, concernsd with
the gtudy of slow thermal oxidati of prowpylens and
propane., Thess authors came to tﬂu conciusion *hau

the wogalibll 1“; of chain process of oxidatlon of thoge
hydrocarbong at tempe ratures as 1low as 500-400° is
conditioned sneo;ﬁicwlly by the circunmstance that the
fornation of lnitilal redicals in the mixture RH+0s is
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reaction, under the conditions 9 atslytic ranctian;T
in process, (the catalyst was ap ;. thin rod olac-
ed upon the axis of the contalne tion, or di-

ne inner suriace of v'atw DEY ),

¢ othat in & nuuber ! Clone
hers) the I t of
voiume of BT, :

the unavoldabls coud st the role

rozenous catalyst in the o7 thNgs FEe e

educed to merely zenerating active nenters,

ater the volume frowm the surface »f the

n6 shimulate a homogzerous chol tic
e clerification of ths mechanis: Sand

ol v L 3 must appar ToECT-
ed frow w polint, » rlier
in b il nt role of sl actore
in the orocess of catalytlc zotlon af suriaces 18 20w
vious froa the exceptiosnal specific ity of catalytloc
PDrOCeEEES. ;zeniniﬂ the acuivat1G3 u@tLJi i gurfaces
a8 & reeull of Qﬁmile interaction betwesn the activat-
ed substance and the catalyst,it is nost Qii“iﬁ) toto
show thet the birth of the radlcal on the suriaces must
be thepmadrnamically more advantazeosus as compared 1o
simple dissocliatlion of a malecule ints radicals. Indesd,
pregenting the summary process 5f netersgenous-catalytic
birth of the radical in the form of eguation

AR + ¥ = R+R'E » ' (1C)

(3 ~= utalyst; 2'K chemls: ptign product of radleal RY)
we see that procese (10 gives a gain in ensriy (equal

ta the guaatity of energy ednfﬂé in the T of

5 .t' *\‘ .- T b3

&} as compared to
enical nature »f nr g

catalytic procese o 7
Y gleo he e B Commou aespecty
isn of even-numbered val
WO fyee valenc;e swfin

N e
G R

‘d\.

£

Y
¥

ﬂacﬁ of the
process {7

ien, which have a substantial signi¢ic3nce in
“kiteiice of heterozeneous-catalytic repctionz., In ’

hnu Data vmlcncic a@lo 5ot two
rad & (R and H02):; while in the case ol the hslero-
genous process -- to the voalume~entering redical R and
fn the chemisorbed pradicsl R'. Thus, as & result of
process (10), the surface sf the catalyst obtaluns new
properties
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appearence of blevalent radicals is always gﬂﬂccted
with an increase in the number of frees vale wnich
e sele reguirement for th@ branching T ohain
g regence of wmoleculs the < of
fr leg increases as re& : of Bo-
e s interacting with al:

R + 0p = RO+0 (L3}

ion of oxygen atoms in v

i ag proosf that ovro ocess fi 3
@~tiwns, The oxXygzen atow ﬁme;~a_

e, interacts with the molecule of tne fuel

0 + RH .= R+0H . (14)

se vresult of which there is forzed a2 hydroxyl aud & se-
cond radical, also univelent, Summing up procesees (13)
snd (14), we obtaln the Tallowing brutto-equation

B+ 0p + RH = RO + OH + R,

3 e result of these processes, alouzside the
reseneration o radical R, there emerge Lwo new radicnle,
walch leads to the ?amificatisn of the chaln,

P%@Cf“ﬂ ’33) hag the areatest rate in cases where

the univea Lo 1 iz re mréﬁentc% by abon H, vhich

; omparatively 1nw activation enar-
Vo OH+E (12 Keal), conditioned by 2

& connection of atome H aad O. “w@a’v

8. A 400-500° tnls reactlon hag a con-

g vhich follows from the possiillity of
roins of hydrozen at these ieay@f;w.

[l

n bl sther univalent radlesls, owlng
to o lower cﬁev@y of connection R=C (as compa ?CO to He0),
LTOCEHS {13) becowes highly endcthermloc and thereiore
must have a notlceanle speed only at te ieratures Conw-
than 5607, '
n the case of hydrocarvon radleale, Ior
the b nd enezy g‘ O G sanunts to 70« O
5, sotivation eunersy for process (1 3)
1titv sfm~s 50 kKilozren-calories, Henc
1
£

ty of this nPOﬂ@vu, i.e,, for the

fective munber of 0013151on~ H+0o l

r*0)
iarn of an e
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this primary chain there e forwed not the Tinal ]
some lntermediate, relatively . durables, product of re-
a ULOLa Thic inﬁe%mediaﬁe wrﬂduc “ccumulwuiz_ in
2 ue sing 1tzelf um“gqu~r*1v Lo reac
3n3 . fupplying endeproducts. H

aw iuo il . WEVET,
Lufreguent sﬁd at the exnense of the ar oi this
] action, centers are created ”uppﬁl@ af
the ¢hain of the prin ary reaction” Those

of Semensv he ¢alls "ehaing of dem
atioﬂ,“

igtic peculliarity of the reactiosn of
by ‘drocarbong lles exaotly in th 3
g of the intermediate
course of reasction zlon
7 oxidation GO, COp, HRC., ¥
condary lons of any one of thoge int eraed >
dusts can nzmely be counnected the degenerated ram’f =2
tisne.

"D

f_*{"

af sgary
Tor sf qenzijfy act lve centers, emergling
thro lam of degenerated ranification, fol-
lovws duta of the epectral analysis of
G¢old dlag to these findings, @ﬁ”faziﬂgﬁﬁw
1y o ries are educed withinthe cold Tlame
in % tronlc radlation energy, and the sole
Cary trun of that ras LthJu, in the cease
of % hydrocarbone and of aﬁncr OLrHENRL
matt ehiydes, ether), is the excited mplecule. of
T & The fact, that the enerzy gj excitatlon
af (7€ zz-cale) is very close 4o the A1f-
£ hond eﬁer;iaq far G=0 and C=-0{T70 1

¢ ez guite poseible the supposition
& ﬁhe moleculs HIHO is econnected
% o the bleradicael Hol-

imn we have the proximit

quency of the wvalental fluctuatlons Hp! SRS
aroused b wolecule of ;3rm81ac Jﬁf, to the
Gues valental fluectuation of the wolecul
meth (1030 Ml yn,

# The freguency of the dually bonding O=0 svounts to
ﬁ w1 TED ﬂ?’ In particular, the valeucy fluctustion |
- HpUe»0 in & norael aoslecule of HOHO has a fregusncy

1
egualiing 1744 em~!
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G}{ﬁf‘}{u (Ca + 0 =

. &

L4 T A}
CH%CO + HOoJ through
d*aiuiﬁ e e ﬁi@ﬂ;ﬂ
wqac aot to

the ¢JZ;L%13

chaineg,

of the rami of
1om, conditioned by the particlpation
i=r £

‘f"

in the reac)

Ny

sdical HoU-0 or of some other bl

—

radl Salles HRQmGR’H, ney be presented by the follow-

in 26 I
aﬁ?uga*k + RYH = Rﬁgdm?ﬁfﬁ + RY, (15)
| ,
progoesaes of type {15) may have subs 18l signle
fioance in rzactlons of eracking aund of poly rization,
As wag already noted, the remificetbic in reac-
tisne of the slow oxidation of organic substancss play
nersly & secondary part. The fundasental signiflcance
1y the mechanisn of these reactiong belonzs 1in the pro-
ces cormected with the development of siuple non-
rognified chalng.

ﬁPGCQEEGS are represented LY
Y and (12). In this commect
acteristilc iOﬁ unb reactions

the molecule of the Tuel or

H

=
L2
0
(S ERO]
G oW
r.\
6]
m

o
o]

i
ot

l’z
ayrlous
h molecules

. intermediate substances which spring up in the

yhanl
aourse of sxldation, The low energy of astlivatlion,
&
5.

c‘i‘ =y 1SR
e

which iz the property of exchange-rea otions of radlecals,
antees sreat speed of the process (11). Process{l2)
basic role in the snteraction of radicsls with

thus eesentially reoresenting the

EUTHe5wA Lewls 20/, on the basis of consideratlons of en-
ersy, resard the firet of thege processes as the source
«f the aroused formaldehydes -




g {k} can be areueﬂt 4 ma

33 t?m congtent of the speed of th
= ROp when R and O oo

iu thw avera*r Syﬂﬂ af

fuino ed ﬁiﬂin egraﬁiOn, ﬁnt& R and
¥! netween two stabllising and e
\ yasle.nolecule with any bh.
,n?lﬁy of Tp ic spparently is T
DYCESUTE .
gives the follow:

- X ’ [ PR 1 L
k kﬁz? and k = Rn, which

SE DO} at T<& s and at T ¥p , The
thepe weximal values is obtained at low presst
the oF quasl-molecules formed from atoms
v o £

ﬂ:c**:?
;x;a—»@ O @ r3
7

sy
*'5

In this cage time T 410f
duratiosn of the double co
bae the maznltude of the o
Decause at pregsures of the order
&t tewperasturgs of several hundred

Exd

P
0

k3

thls case (T Tp ), the constant ¥
2L to pressurs, and process {(12)
wellestudied @X&%gxm 37, o :
of redlcal HOp frou H ard Qz,
sumber of atomg inoreasses in the

3

Fre,
T

ne T psrovs 2 to
orat lor x:ﬂ} fen 3 of ¥
LLity of eners Letrdh

3,
ﬁhe case of a sufli

ﬂﬂjf cantbly evoee
tically equal to

f0s, which comes Into

DET
! yl&ce wluu the ﬂvlecalé of the original Iuel,

of oxidatlon, The sonstant of gpeed of

ooour

P M W
- A A, . Y porp v AT :
amountys to 107 -4 S&E-Sthd.ﬁ:} We v s.m

w1l

w
'

h(‘\%
[N

GO L S

iR ghence in
asg {127, enters into chemisal iunteracition as
s {11}y with other polecules, itn the Iirst

H
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result of which peroxide is forwed and also a new radl-
cal-nydroneroxide in the case of the reaction

A 4+ R'E = ROOH + R (17)
and we in the caze 2F the

) na”@vcr, it muet be noted
Hl JW»~ Y alined with 2 =

1".3(’

ceald

'w'):—-‘

M 2 §~“' ]
n

l“?) W ;l:(—(ih, ih 7 f’f..v_"‘t‘ A
17 and 13) are con

[
e

o - CPENRY
R+ R'Y = BH + & (19)
and _
R+ R'R¥ = RR' + RY, (20)
1y L P . w~ op . *_-. . A g T e
Thus, for instance, Akernyd anﬂ m~rr1~h 21/ have Tound

Ao 7,

Fm, e -~ %o
that the iy
k) -
seetalden’

meﬁal deconpos
acetone st h;z ch
henisy only in the )
.h: ng 1in the photolyel

neghed with the Llow pr

r—-~

o h&cisu" &
obhability of the

CHx + CH3C0CHZ = Colg + CH300.

i ber of studies dedicated to

1 ton in the wmizxture D + Do +

G sratures, it is observed that methane,

de “resction vrﬁéuats, ig deuterated Tron

7 1 samuch a8 at these temperetures CH4, in
t: TG sf atoms of D is not deuterabted, this re-
sult points to the low velocity of the process:

» schene whlch wag offered mary stage
af the venctlon of glow oxidatiosn ig counf throush
numeroug observationg, according to which the peroxid:
is indmed tiie malin ﬁraauc*‘at the Tirst stape of oxié
tion of organle subs w&ﬁCQS 23/, 24/.

Ay Tar a2z the subs ~caent Tate of the initially-
forming peroxide is banoernen in view of the infrequent
remifications of thelr furt}er transformation in the




o

gage of low-unlecular hydrocarbong, & cnar¢ctef
for reactions of slow Ohiuatluns it must in the
1ile in the Ti““iO into \muurated molecules, walch
a regult of alﬁminﬂu&em

grat de or 28 & runuit its 1
tion 7 F othe initisl aubs Ge
interned 5y
v Ivensf 23/, when the vhotochemia
wmoleculal hydrocarbons 0Cours,
¢ etable peroxides capable of furs-
ne formation of blatomic peroxides.
des a8 well as the further oxida-
roed in this process produces
cide, Hol, G0, COz, ete, ~~ Tthe
varlied nruaacts of the glow o%i«
enic matter,
rogtion of Q\FJYiéea gpparently does nct

-

the sole method of thﬁSaﬁﬁmﬁtiﬂﬁ of radicsl

her pogsible avemie -- the disintenration
rndical to the point of its transiormation into

~ connot be regerded as excluded, egpaciall;
e into aaﬁexncrruion the 1ﬂcfeagr ENETEY

the quasi-molecule ROm. As a repull of the
spation of the latter or of the stablllzed radli-
formed From it there comes 'wty existence 2

ezl snd 2 saturated molecule It is vossible

Fformation of aldeuydes st vwriauq aints of

g ohs 0 is

<
o

]

vy

; o)
ohservadble in a nugber of ceases, GOl
e very dlrect disintegratlon o7 RHOp or

ove stated reaction of redacw¢ CHzC0 with
s Qme ef the probable scheumes of rami-
we WY also bE regﬂf%vd 58 an example
iailtesrmaion of the czoumeQVQGMYn

1 ¢ially interesting Lo note ner
b pL1ity of a change of the directior
aﬁtign by the method of adding substences whil
zive b for instance, 1n the
i ¢3Hz and others) at
3

g itly donlnates the dlelnt

wnich leads to the break up of Toe 1

renice of comparatively sna 11 wolecules of
A

G
: rainins products, (HCHO, CH3Z0H, CH3CHO and
others }* But ln the presence of HBr the radical HO2
apparently does mot disintezrate but easily transforme



Y

T
2k sof

ot

. ,
acetone in

1
£
&
e
ot

a h

lecular o

71

¥

}..trig

L CHE

g
th

.
2 0

h

N
u

£y

oy e
il

GO

ae

ORMon gen

~

Foon

-

DUB QDM

gale
i

[

TF £y S

7
[«

Qe R )

e

gt

3 En

RS
30U

i
o
25
le

c

f

-

L Vexry
&,
gculeg

G
they
sol

encles
[F249
31

11

te

)

» R - .

21 -

»




mesnme

oo

to fors a palr with the electrons of atoms ol thogse 1
o] ulus with which the zlven radical sollides, As

behavior on the part of the valency

i the grest w? tjvezcau 2f these pﬂ?wi“

B g electron, under
21

and u@ci%i,

o f }‘:)
ot e

oo
:r‘lx gnd A

[ I P 54 . x:! L"i;
tTivity u Iny thie ib can fzolllsate the
induced @1%¢au aration of the radlcal. This protess L —
of ﬁlsint&-rntien can- be ﬁehnmﬁtiealhv oregsentead in ih
following 1
o ! I{E - - T
i%  sa o Y H H
Trl . (} s {is ‘C. 8 Ty .”, *," ',:
fa gl gy % emememmeeRe Ty D6 b O3 20 {21)
Tj’ lvk ¥ b L hd
* H H H H

4 cy %3 getron
with the reuws Lni%g pﬂraiﬁles 1n the radlecal does not al-
ways lead 4o the disintegration of the latter. In sous
caseln, €.£.; 10 the presence in the radical of double
bonds or of o system of conjugated double bonds [soprvaz-
ﬁfﬂavm ﬁ“~wqyﬂ sbrazl 1, such an interactlion leads, on

the to a stabiiization of the radical 28/
For we can Ccompars ne-propylic and a1uminum
radi

it

«(Ho=CHp~CH3  and «~Chp-CH = CH,.
ﬁhile_th@ n-propyl has a tendency towvards selife

1 dlsint ;r,tian¢ it 18 knoﬁm, ﬁamt 8117l ig rather
s snd low-aetiviiy radical.¥ Ve can tudze this,

e, by the fact that propylene exerts a consliars

:r
e
fy

fx“
O S

-t »
o
&

) 4
L ar b¢aﬂﬁﬂﬂb Influence on a number of complex
ol ¢ {of disintegration and oxidstlion}, than, for
evamosle, issbutane. This can be partly connected with
the greater luertisl property of the allvl raaical (C
part three)
i
1

“ly to the determining of the characier of
idation through the chewmical properties of

ROz type, the shovewdesepril hed mechsnilsm

ton of hydrocarbon radicels (21) mllewv

hydroosarh
radicale
of digintesrs

y O
4
5 ok O
@;ym
[

= {5

PG

5,

[ty

~
L
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Ax]

See arxe 316,

b
i

-2 .



1

5,0 R

o

H
§ 5 e ¢
DLt 3w R
8t e LoD G
£t 3wt o
Kl e u\(u,nm e =
Ky
45 0 ¢ R4
of g I el -
33 P a5 - ¢ w
W e S o G
T sl & R % o R
oca e o £/l
£ G -~ 5 al G
m Ry O O £ § o E
@ ©® ad %y e § e X
wt & 5T ¢ . P
FLEN o3 S v a4 D mowm
wi 8y & O K y O o
£ 1o T 43 3 O
Qw.. y g ﬂmM wJMM v
wi S0 8 ) &3 O oo
1 # ot e
Lol o I8 SR e 4
42 JE 4 o m
T W Py P
C B R e | gt
et B 43
Gt et 403 ! ol w0
O M R o ®
LI T &4 o A,Wmu
e © o Lol o e
LANRVEE & B v ; £ g
2o 8 Pk b
& o e o
b ¥ ] o
oow et 15 U
v 0 €
-3

¢
e
l""z:‘

kd

{ )

25 , :
8o i -~ &
IR & i o
L L o3 oo 5
65 o @ e ¢ oo i
[ s} s S 3 pef Bx
i WS4 =i )
oo &0 :
LaJain e Rl

£ &b 5

& &8 1

G35 g

L
oL

QI

R
S
T
1

X

&5

L{..
=
&

sy

%
o

=
v,

o B o "%
are shab

s
LA

<

Heullllowe v e
2

{:} 1T

LOon

T
g o

2

+ »F‘ifi 2, ?:

R A ]
- wnosit
dlnss

£Y
L
LT3

42 G 47 42
3 o5 £ 53
o ﬂﬁfnﬁm ulr_m M..w. D
& o Kol vl

oon molecule,

ot R et 2
L5 ad 4 o o

[x) o

&

.»_wA

= <
5o oo b

EAT S < R

e

&

R
> M/e‘ -
gtote

aetan of the h
e 4

Lon

=1

& L4

A o
mu

@ 2,

L £

Jot =

ol o
T .w&
Ea
= ISR
P .
e et
St <
i L
" T
& o

+

4

2CpH

s e

v

0

-
wor




7

and in

Trom pa

(D3=CHp=000H—> 0Dy = CHp, CH3mODpm COOH—3CH2 = CD2
GﬂﬁmﬁﬁgmﬁﬁngGOwaMW%JTjm,ﬁ = OHp 3
CH 3 CHp = Chp-GO0H »CH2=CH = CDo,
which czn De nmost siuply explained ssped v with the
ald of asuch 2 transfer Gf.uﬁ@ atbom of nydrogen.

The disintegration of a radical as described By
ug, which expldins the appearaunce ol o egfing of 1oW-
nolecular welzht, does not howsever revresent a shalin
PROGESY,

" T% can be ssen from the sbove stated that the mult
etare dloinsesratiosn of the initislly-formed radlcal R
will eantinue bo bé realized, until a sufficlently staeble
radical of low-unslecular waigh; Re in formed, for which
the orobability of disintegration will be smeller than
the probebility of interaction with one of the molecules
of gubstonce that has not been sublected to completed
r@am%i ., Such a peaction which can be describad in

R'+ BE = R'H + R
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will be hicher uhan that of normal paraffin. This ae-mm5
duetion 1s alse confirmed through eXpePiMeit 3%/
301 let us exanine “he retalytle erackl of hy=

.,)-)
with the alm of determining possible oome
of veactlons o

Wi calps

. " o b7 b Ldr
] ous pyrolysig, and to
bie 1&5 gecurrence along the
e
It is &HOW& that hateymgen@ue ¢raciking of hydroe

carvons proceeds, devending on the properties of the
catalyat, in two ways M.¢MJ1G&3LV and ionically. The
firat mechanlsm iz characteristic for catalyste of the
tvvﬁ qf activated sosal, the gecond -~ for the lonie

the slumo-zilicate type. VWhen activabed

¥

? . maloved, one of the hydrogen sboms breaks off,

L all, from the hydrscarbon molscule, The radi-

sbtained dissocialtes succesglively, Just as in the
aseous phase, ints olefling and 1ﬁﬁ%@f radicale., A& new
pogsible a;?cctih of resction emerges in this process,
a d gtion which was absent in howmogenous cracklng,

ire
Unstable radiecals, cgpable of further iSzﬂL”ﬁ?&*?Of
o the gaseous phase, interacting with adsorbed atons

B, form ssturabed woleocules, It follows, that ou coal

5 should produce greater relative guantitles of

parsl than produced through homogzenous pyrolysis.
AY the @ tim@ pareffing formed in the course of calta-

should nossess, on the averaxe, e greater
P

Do Wuaae concly %Lﬁnu correspond with

data 77/,3

cheme leads to the following concluslons
for ea cerbon molecule RH, whleh enters Into ra-
aahinn wuid be formed always one molecule of
gatural arbon of a rather low-molecular welght
{of ti _ . But 1t follows from experinent that
craekl L number of gaturated EVW%ooarmﬁﬂu (varicus
isomer hexanes) on coal produces approximately 150
molecu HYH per 100 molecules of R 37/» This polnts
to the preseunce of goue other secondary mechanlism which

gerures the formation of saturated h”ﬁPJG@fanﬁ Trom
clefins Formed during the disintegration of tne heavy
adloal Tast guch processes do sotually occour is
indicated also by the larse percentase of paraflfing in
tl - produchs of clmfin eracking ou coal, Ty the first
vroximation 1t can be assumed that the initially
f)?@eﬁ radical hag gvproximately egual ﬁ“ﬁumﬁillbiﬁq

!:::j

;
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T +the double bond is situated in position 1 *1
(1wbutane, l-pentans, etec.) then, in accordance with
Markovaikov'e rale, lon HY attaches itsell to group CHp
and there is forwed carbonium~ion ol the Lype

b

Such cowmplex carbonium-lons are unstsble and readily
diQimoeﬂvq%e with a transferral of the poaltlve charge =
and the formetlon of a double bond, e.g.:

e .
CHwew GHwC 'gmﬁngmuﬂgﬁmmmmummyﬁﬁgqu = CHo+

24
bt
e
]
¥
o
et
e
N
ey ]
]
P ani ¥
B3
vl
St

g o«

=
Nt
3

2
Th% im? thuslyv-forned has two possibilltles
to sjnUw“v“tn with the formation of e+3
1an of R*, or to regroup into a more stab

it
aw? ¥
[T
o

o

]

& bt
&
R
FO I |

o D
o

-
o
b~
E»‘!B
@

ko)
)
i
e

y.s *fj’ o

: .
~(H 3R CHp = CHRAH e CH 3= CHR

'CM=
-w

5\}

—~
n

(SA]

N

with & further disintegration along the lines of the
mechanisn earlier described., The ralaukoﬁ of the rates
of these two processes must be determined by the gtruc=-
tu# of madical residue R and by the propertiea of the

stslyste. Because thermo-dynamically that ion C% is
muSu stoole with which the lsast nunber of aboms of hy-
drazen is comected, 1t B to be expected that carbonium-
ilons with o grest n;moer of atoms ¢ will isomerize
foruing lons of the type :

L

[y

+ e
ReC=R"

H
The mechanisn of formatlon of a ¢e rasuiumw on
of imo-ztructure may be visueslized in the follewlng
manmner:

») Sy

. +
HY + CHp :-GHnGHQWCH7»“~W§GH3»GH~CHgmﬁﬂgwmaﬂﬁmmGHzCHg +

e

AT " T4 21T w T =Y o . 7 hy
+ UH '“'”""‘“”“’?‘“"I“IE"?““C'Q:’)'”"‘"’“."'?'GhQ“‘i Ciﬂ +H M{J‘H} i‘ ~(Hy (26)

¢ Hz H=

F{t ie aemonstrz ed by direct computation JQ/, that the
enerzy of affinlty of the proton to atoms 5f ¢ in comp
poundsy E?Gwﬁﬁp' HoC=CHCH3; HpC=CCH3CH% are Correspond-
Tnaly eouai: 152 amd 152; 175.5 and 168,5; 189 and 168 Keal.
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in the gaseous phase

saturation of the radica h,
of the stoms H, adsorbed on the surface.

o ge of ionis catalytlc crackine

Nl sme o8 in the cage of radlcol
but due Lo 24 concentration of Ifree lons
gurface, poth olefing and radicals ars capavle
soming subject to lsomerdzation. Tn addition, the
further gisintenration of oleflins 18 considerably faol- T
litated in thls case. ‘

Ty both instsnces of catalytic cracking, the

ehain cheracter of the process remalng pogsible, this
being determined DY interrelation of sveeds of the pro-

C;E.‘C’ &

prlped

ey
v

-
B
s}
ed
-t
i
b
x]
wdr
+
s

end of the peaction of interaction of R»Y with stom H
chemisorbed on the suriace,

T11. Termination of Chalns

4e o vesult of resctions with the particivation
resz radilcals, such low-adtlvity compounds are forwed
that their further transformation does not lead to the
rezenervation of the active redical. The development
of the resction chaln is thus terminated, Reactlons
of this kind are called reactlon of disruption of chailna,

Lo was polilnted out earlier, free valency cannot

disappear in the reasctlion of 8 radical with s saturated
molesule. Therefore o reaction of choin disruption

pust be eifther the recombinatlon of two radicals or the
formation of low-activity radical, which, degpite the
availability of free valency, 1is not capable of enterw

ing into reaction of chaln continuation.

T4 must be noted that the aoncent of sctivity on
the vwart of a radical le relative and ls determined by
chemicsl oropertles of that systenm in which the glven

radicals are formed, Thus, for instance, the formation
of radical GClz in the oxidatlon of bydrogen in the pre-
gence of 0Cly leads to the ternination of the chaln,
pesause 1t cannot enter into the reaction of chaln pro-
pagation with Ho or On. But in photochemical polymeriza=-
tian of a number of paraffins, the sanme radlcels CCL3,
entering into reactlon with & monomer, continue the
chains /. _j
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Let usg firgt ranine reactlons of the Interace

etive particles (radicals or atows).
) HaH } uha
o

ion beitween tvo &
In the ouble-co liﬁ,iﬁﬁ of two astoms (€.8.,
forantl of a gfque malacule s highly imy
! = vatl@; {for hrﬁ%w»*
uwiez ] will be conces

M KRVE , rag of Ivs

& becule- kcu&%%mm‘“”“ula; agaln C ; L
&l , . SBtabilizatlon of the famwim&anegai

is - la v in that case when suwiu the ﬁ@r md

af ‘ﬁ cc fomr 1 ﬂlﬁ@&&ﬂd%? 1t succeeds in trans-
fer 5 da?»y Lo s&mu 0uuer %ﬁla&uleg in

ot means that a recombinatlon of two

a7t an ﬁ?”vﬁ adly in the cage of triple Interecolli-

: k

v,
e}
ke

A+ &+ U= As ¢+ U,

any perbicle,
corpectness of thls suppos

e on measuring the effe

additions of v far LOUE #588

Lion ) :{LE‘“_ é&:}/’*

£5 ;

cacy of ?&?iﬁu molecules in the funmatlon
5

(29) depeunds on thelr

nd on the nuvber of de-
&&“%&7“ 01 aﬂtisip&t in the redige
2y of ?@“ﬁmﬁiﬁ&ujﬁﬁ i Tor it

songtrated through dire 241/

.f reaombinatlon sf r\

oue
hd T g e
hgﬁ Ho and

d

3«‘#

1 ﬂﬁl@ﬁul%ﬂ.ﬂ”ﬁﬁg GCoy ¢h=y

;umﬁ Y A ated as 60:510:7¢d,.5:2:1, The stabi-

\ viatomie molecules end of atoms of

dp, Wp, Op, He, Ar) is definitively

21 determined through thelr wsasses and

ir effective gaseous kinetic cross-section 17/,
collision of tws more complex radlical (6.8.
al

¥ n redige
‘* on various degrees of freedom, which

e
«da to stabllization of 1awjgmisrm&u W LG
the shaence of the third particeles

ho, ) ococurs, enerszy of reschion ©

0

€
L4

1v stebilization of the quasi-molecule ocours
Ly Wull on the wall which faeilitates the draltie,
nergy (see 34/, page 18). et




v

GEY
er yeasts

CHHm CHowm w03 esasnap GH 3= CH3 + CH2 = CHp, (31)
ag & result of whieh two steble molecules are formed,
one of which possesses a double bond. 1ata relatlione
shly Belween sneeds of reaeblaﬁg (Ju; and (Jl; is de-
termined by the structure of interacting redicals,
enersy of reactlon and by the dezree of comn?axﬁ““ ol
the molecule b&%ng formed, Thus, for instance, in ths
casg of recoublination of n-butyl radicsls, emercing
in the photochenlical hydrogenstlon of butsue, the ree

action of ulqprgpcruianation\$yl}

2104 Hy »Calg + CaHyo

proceeds merely half as fast ag the resction of dimerizs.
tion 26/ of reaction (30)

20 G5 HY =GB HY 5

But in the case of lsobutyl radicals only lsobutyl
1a Tormed alwost exvlusivelj. '
The dimerization of the allyl radlcal
20Hs = CHwOHow ——ee30Hz 2 CH=0Hp=CHow(H = CHp,
in the course of vwhiclh conaglderably legs enersy ilg glven
off than in the reaction of two ally¢ radicale (as, e.2.,
(30%), nroceeds also without any practlicslly discerunlble
éispfaportiotwiiﬁn {see 26/, pazes 313m3£3, 174.).
The above mechaniss of reastion of disprovnortion
stion (31) 1¢ based on the acceptance of transfer of
shon in o comnlex molecule into the A-position (ses
alas G86Y, This assumpblon appears more general
vhan the usnﬂl schene '
T
Clig=Clp= + CH3=0Hp- —H3-0Hy + CHp = CHp (31')
more complex reactlons this

heasuse in the case of
; iﬂ the case of imteraetﬁou of wfﬁwwllo vadA»g
ual scheme (31') requires the bresking off

—
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B

guadrastlic disruption. The crltical character of tnegemx
phenanensa was succesafully interpreted only on the basis
of o concent of reaction of chain tew:inaﬁ¢ong Plovwing
alonz the lines of the Tiret order-wlth res: Lo CONe
centration of fres r@w%ﬂa =2 v&?ﬁlﬂdﬂ Reis! onug of
the firet order can rocead in iE3ulele 16

Lomedivm o well as on the wallﬁ

' Ternination of & chalin in case of resctlions in
2 velume 18 observed, ag wag noted earlier, when the e
reaction.of an active Peaetionuean(blc narticle forms &
10wma¢tivit7 radicel,. The speed of formation of such
Jic 's doeg indeed deterning the length of reaction

A
3

A manper of substances, called inhibltors, ind
act especially readliliy with fres radicals and, WUAE
it follows Tron s larze tody of dats pertainiag 1€
most diverze reactlons that the Faster the reaction of
roadical with molecule the less actlive lg the new radl
el therebr forning, the addlition of such subgstances
can ouilte consglderably hamper the reactlion,

Az oan example, let us exan lno Lha zotlon of molew
cular loding on the chsln ignitlon cf nydrogen with
oxyzen 17/, It ils sufficlient to 2dd several thousendths
sf one wvercent of iodine to the mixvure Hp+Co in order
to disvlacs the ares of gn*LLwn by several b*ﬂf i
dezrecs in the direction of high temperaturcs.
ghows that o minute additlon of an inhibiting °abﬂtﬁn0@
can fully sunress a resction which occurs nractlicslly
i taneously in the absence of the lnhibltor. EucL

no actlon on the part of the inhiblicr becoue
tendable, 1if ve take into conslderation,
the rate congL;at of the basic process into whi
% enter in the case of oxidation of = wure ni
Qi+, under the conditiong of experinent

£

times sualler uh?i the rate congtant ol
: and that resctliveness T atoms ol
below that of raedicel ¢H and atom O
‘needs of reactionsg '

1T 4 B, 0 + Hp = QH+H and OH+Hs = HoO+H

are corresmondinzsly in a ratle, as l:l, §“L”O:1,xl ).
The e breking asction upon the oxldation of

L.

F; rosen is also exerted by varicus hydrocarbous.
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